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SUBSONIC STATIC LONGITUDINAL STABIIJ3?YAND CONTROL
CBAIUCTERISTICS OF A WING+60DY COMBINATION
HAVING A POINTED WING OF ASPECT RATIO 2

WITH CONSTANT=CENT-CHORD
TRAILING4DGE ELEVONS

By Donald W. Smith and Verlin D. Reed

An investigateon
stability and control
tion hating a pointed

smmsRY

has been made to determine the static longitudinal
characteristics of a tailless wing4mty cotiina-
wing with an aspect ratio of 2 and trailinsz+dae

elevens. The effectiveness of inset tabs in reducing the eleven-hin~e
moment was also determined.

Data presented include the lift, drag, pitching moment, eleven
binge moment, t~ hinge moment, eleven load, and center of pressure of
eleven load. Data are presented for a range of angles of attack,
eleven deflection, and tab deflection at Mach numbers up to 0.95. Most

. of the data were obtained at a Reynolds mmiber of 3.0 million, but at a
-— Mach number of 0.24 data were also obtained at Reynolds numbers up to

15.0 million.
*

The effects of compressibility on the longitudinal characteristics
were similar to those on other wing+ody cofiinations having low-aspec~
ratio triangular wings.

The effectiveness of the elevens in producing both lift and pitch-
ing moment increased with increasing Mach numiber. The elemn hinge
moment due to eleven deflection increased rapidly as the Mach number was
increased above 0.80. The eleven hinge moment due to sngle of attack
changed from negative to positive as the Mach number increased above 0.83.
The effectiveness of the tabs in reducing eleven hinge moment increased
with increasing Mach rmrber.

The data were used to estimate the longitudinal stability and con–
“ trol characteristics of an assumed airplane, geometrically similar to

the model. Two different types of longitudinal control systems were
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considered for the ~l~is: a direct eleven control
control.

NACARM A53C20

and a servotab

With the center of gravity at a locaticm which would provide a
minimum eleven-fixed static,margin of 5 percent, both the direct eleven
control and the servotab control protided about the same maximum trlnmed
lift coefficient throughout the speed range. At the higher Mach numbers,
the stick force required for the elevens with the servotab systexnwas
much smaller than %at required for direct

INTRODUCTION

eleven control.

Research is in progress at the variouE NACA facilities to determine
the aerodynamic characteristics of flap=type, trailitig-edgeelevens on
low-aspect-ratiowings at both subsonic and supersonic speeds. The
effects of elevcm plan form and trailing+dge profile on the aerodynamic
characteristics of elevcms on a thin triangular wing of aspect ratio 2
have been determined at high subsonic and low supersonic speeds and
have been reported in reference 1.

As a part of this research, there are reported herein results of
tests conducted in the Ames 12-foot pressure wind tunnel at Machn~
hers up to 0.95 to determine the aerodynamic characteristics of constant-
percent+hord, flap=type, trailing+dge elevens on a pointed wing having
an aspect ratio of 2. The effectiveness of inset tabs in reducing the
eleven hinge moment is also presented. The wing leadlng edge was swept
back 56.3°and the trailing edge was swept forward 26.6°.

NOTATION

a........ . normal acceleration, ft~secz.......-..-_ ..

b wing span, ft

c local wing chord, ft

@ C’dy
6’ wing mean aerodynamic chord, 0

jz7’7’ ‘t
Cwo

Ce eleven chord, ft

Ca eleven chord through eleven centroid of area, ft

.

.-
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eleven reference

tab chord, ft

acceleration due

chord, ca X cos 5e} ft.

to gravity, ft/sec2

length ofhdy including portion remomd. to accommodate
sting, rt

maximum Iift+irag ratio

Mach znmiber

first moment of area of exposed eleven behind hinge line, fts

first moment of area of exposti tab

normal acceleration factor, a/g

free+3tream @namic pressure,

Reynolds znmiberbased on wing

radius of lcdy, ft

maximum body radius, ft

total wing area including the

lb/sq

behind hinge line, ft3

ft

mean aerodynamic chord

area formed hy extending the
lead3ng and trailing edges to the pleme of symmetry, sq ft

exposed area of eleven behind hinge line, sq ft

weight of assumed airplane, lb

gliding speed, mph

sinking speed, ft/sec

longitudinal distance from eleven hinge line measured in the
chord plane of the wing (negative to reax of hinge line),ft

longitudinal distance from nose of bcdy, ft

lateral distance normal to plane of syrmetry, ft

angle of attack of the body axis, deg
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eleven deflection, with respect to wi~chord plane, measured A
in planes perpekiiicularto
duwnward), deg

tab deflection, with respect
in planes perpendicular to
downward), deg

eleven deflection correction
deg

the elev& hinge ‘&e (positive k
—

.
to eleven-chord plane, measured
the

due

tab deflection correction due to

drag
drag coefficient, —C@

elevm load coefficient based on

chord plane, eleven load
qSe

eleven hinge4noment coefficient,

tab hinge line (positive

to applied load (additive),

applied load (sdditive), deg

eleven load normal to wing-

hinge moment
n-ir.Cq.Nl&

tab hinge-moment coefficient, hinge moment

2qMAt

lift coefficient
lift

‘~

pitching+noment coefficient about the 2>percent

wing mean aerodynamic chord, pitching moment
qsz

point of the

●

rate of change of eleven normal-force coefficient with a
change in angle of attack for a constaut eleven angle and
tab augle, ~CF&L, measured at ct= O, per deg

rate of change of eleven normal-force coefficient with a
change In eleven angle for a constant angle of attack and
t~ angle, ?3CF/35e,measured at 5e=Oj per d~g

rate of change of eleven hinge-moment coefficient with change
in angle of attack for constant eleven deflection, ~C&#lcL,
measured at a = O, per deg

rate of change of eleven hinge+aoment coefficient with change
in eleven deflection for constant angle of attack and tab
@e, ?IC&@&, measured at be = O, per deg
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CLB=

C%e

dCL/da

dCm/dCL

rate of change of eleven hinge+noment coefficient with change
in tab deflection for constant angle of attack and eleven
angle, aC&@5t, measured at @ = 0, per deg

rate of change of tab hinge+noment coefficient with change in
tab deflection for constant angle of attack end eleven
-e, &7ht/b~, measured at ~ =0, per deg

lift effectiveness paremeter, bCL/b8ej measured at ~e = O,

per deg

pitching+oment effectiveness parameter, ac~ime, measured
at be = O, per deg

slope of the lift curve at zero lift, per deg

slope of the pitching+mnent curve at zero lift

MODEL

The model used in this iwestigati.onwas a wing+cdy combination
having a pointed wing with an aspect ratio of 2 and full+pan, trailing–
edge elevens with inset tabs. Figure 1 is a photograph of the model
mounted in the wind tunnel. Figure 2 is a drawing of the plsn and
front views of the model showing some of the model dimensions.

Model Dimensions

BCdy

Fineness ratio
Basic. . . . . . . . . . . . . . . . . . . . . , .~a~
Modified for installation on sting . . . . . . . . 1000

Ratio of sting diameter to base diameter of body . . 0.89

Wing

Area, sqft.O . . . . . . . . . .
As~ectratio . . . . . . . . . . .
Taper ratio. . . . . . . . . . . .
Sweep, leading edge, deg . . . . .
Sweep, trailing edge, deg . . . . .
Incidence, deg . . . . . . . . . .
Dihedral, deg...... . ..OO
Section (streamWise) . . .

. . . . . . . . 4.014

. . . . . . . . . 2.0

. . . . . . . . . .

. . . . . . . . 56.3?

. . . . . . . . 26.57

. . . . . . . . . 0

. . . . . . . . .

. ..*. NACAOOOfi~
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Eleven

%eep,hingel ine,deg.... .O. .. O. O.. .O
Ratio of eleven chord to wing chord, cc/c . . . . 0.25
Ratio of exposed eleven area to exposed wing area . 0.25
Gap between wing and elevens, measured chmdwfse
Starboard, tn. . . . . . . . . . . . . , . . . .o.015
Port,in. . . . . . . . . . . . . . . . . . . .O.027

Gap between elevens and bmiy, measured span.ise,
be = 00, in. . . . . . ..**.. 0.015

First moment of”~e; ~f”e;p&ed elevcm behind
hingeline, fts . . . . . . . . . . . . . . . .0.0699

Tab

Ratio of tab chord to eleven chord, ct/ce. . . . . 0.25
Ratio of exposed tab span to exposed eleven span . 0.40
Ratio of exposed teh area to exposed wing area . . 0.04
Gap between elevens and tabs, in. 0.015
First moment of area of exposed tab”b;~~

● **.

hinge line, fts . . . . . . ...-......0.00321

The body, which was constructed of aluminum, was the one used in
the tests reported in references 2 and 3. The wing was constructed of
a tin+ismth alloy bonded to a steel spar. Both the Wing end body
were accurately contoured and polished smooth. —

The elevens and tabs were constructed of steel. The airfoil sec-
tion behind the eleven hinge line was mcdified from the NACAOOO~3 to
a section having straight-line elements from the eleven hinge line to

—.

the trailing edge. This resulted in a trailing+dge angle of 6° c-
pared with 6.6° for the basic section. The modified section had a
trailing+dge thickness of apprmimately 0.005 inch all along the span.

k

Cantilever, bendin&-type, electrical strain gages were used to
measure both the eleven and tab hinge moments on the starboard wing only.
The eleven on the port wing was instrumented to provide for measurement
of the eleven load normal to the wing-chord plane. These loads were
determined by use of electrical strain gages mounted on the eleven
hinges wbich were lmated in the wing+hord plane.

The gays between the elevens and.the wing, between the elevens and
ths tabs, and between the elevens and the body were not sealed during
ths investigation.

The model was mounted on a sting su~ort in the wind tunnel.
A ~inch-diemeter, ~omponent, strain-gagebalance enclosed within the
model body was used to meaeure the model forces emd moments.

u--- *
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Tests of the model were made to determine the effect of Mach num+
ber on the static longitudinal stability and on the effectiveness of
the constan~rcent+hord, trailing+dge elevcms as a longitudinal co%
trol device. Tests were also made”to determine the effectiveness of
cmstant-percen~hcmd, inset tabs in reducing the eleven binge moment.

The majority of the test data were obtained tlnwughout a range of
Mach nunibersfrmn U.24 to 0.95 at a constant Reynolds nmiber of 3.0mil-
lion. These data were obtained for eleven deflectims of 0° to -15°
in cwibination with tab deflections of 0° to 15°. hne additional data
were obtained for elevm deflectimm of 420°, 5°, and 20°.

Data at a Mach ntier of 0.24 were obtained for Reynolds nuuibers
up to 15.0millionfor several representative ccmibinationsof eleven
and tab deflections.

CORRECTIONS TO DATA

The data presented herein have been corrected by the methcd of
reference 4 for the inihzcedeffects of the tunnel walls resulting from
lift on the model. The magnitudes of the correctims which were added
to the measured values are

Z!u= 0.26 ~

Aqj = 0.0046 CL2

The induced effects of the tunnel wall m the pitching moment and hinge
moment were calculated and found to be negligible.

Correcticm of the data for the effects of the constriction due to
the tunnel wall waa calculated by the method of reference 5. This cor–
rection was calculated for the model at 0° amgle of attack and was
applied to the data throughout the range of angles of attack. The cor-
rection smounted to = increase of about 2 percent in the dynamic pres-
sure at a Mach nunber of 0.90.

The effect of the interference between the maiel and sting support
on the aerodynamic characteristics is not lmown. It is believed that
the main effect of the sting was to alter the pressure at the base of
the mcilelbody. Consequently, the pressure at the base of the mcdel
was measured and the drag data were adjusted to correspond to a base
pressure equal to free+tream static pressure.
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The basic
and tab angles
strain gages.

data have not been corrected for the cluxngein eleven
due to the deflection under load of the hinge+oment

summary plots have been adjusted to account for
these angle changes. In order to facilitate correction of the data,
there is given in figure 3 a summary of the deflection of the elevens
and tabs due to load a% various values of Mach rumiberand Reynolds
number.

The deflection of the port eleven normal to the wing+hord plane
was measured and found to be negligible.

RESULTS

The basic data are presented graphically in figures 4 through 39
and show the variaticm of the angle of attack, drag coefficient, and
pitching+noment coefficient with lift coefficient; tk variation of
eleven and tab hinge+noment coefficients with angle of attack; and the
variation of elevcm load coefficients and the location of the center
of pressure of eleven load with angle of attack. AU basic data are
given for uncorrected values of eleven and tab deflection. Pitching-
moment data are presented about a moment center at the 2>rcent
point of the wing mean aerodynamic chord.

Table I lists the figures presenting the basic data and shows the
range of.variables covered by the tests at each Mach nuniberand
Reymolds number.

A summary of the effects of cmnpressibility cm the aerodynamic
characteristics of the mtiel and cm the eleven and tab parameters is
presented in figures 40 through 45.

Results of application of the data to estimate
stability and control characteristics of an assumed
tally similar to the mcdel are presented in figures

DISCUSSION

The results willbe discussed in two secticms.

—

the longitudinal
airplane geometri-
46 through49.

The first section
will deal with the basic characteristics of the wing+ody combinatimj
elevens, and tabs. In the second sectim the data will be applied to
the prediction of the longitudinal stability and control characteris-
tics of an assumed tailless airplane geometrically similar to the wind-
tumnel model. Caution must be exercised in the use and interpretation

~-

A

.

.

w
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. of the slope parameters. Because of the nonlinear variation of the
forces and moments with angle of attack and eleven deflectim, these
parameters are applicable only at angles of attack and elemn deflec–
tiozw near zero.

Basic Characteristics

Lift and pitchi?lgmoment.— The effects of compressibility on the
lift, drag, and pitching moment of the wing~oiiy conibinationwith the
controls undeflectetlare summarized in figure 40. With +he exceptim
of the more forwsni location of the aerodynamic center, the character—
istics of the wing are similar to those previously measured on aJtri-
angular wing of aspect ratio2 and reported in reference 3.

The effectiveness of the elevens in producing lift and pitchhg
moment is summarized in figures 41 and 42, respectively. The lift
effectivenesss Q@e increased with increasing Mach nuniberup to a Mach
nu?riberof about 0.93 but decreased abruptly as the Mach nunher was fur—
ther increased to 0.95. The pitching4noment effectiveness c~e of
the elevens increased with increasing Mach nuniberup to the highest
Mach nuniberof the test, O.~. Increasing the tab deflection frcm 0°
to 10o increased both the lift and pitching+mment effectiveness of the
elevens but caused little change in the variation of the effectiveness

. with Mach number.

A compariscm of the lift and pitching+mmen.t effectiveness of the
. elevens with those of constan-herd and constan~rcent+hord elevens

on a triangular wing having an aspect ratio of 2 (ref. 1) is also pre-
sented in figures 41 and 42, respectively. The elevens were less effec-

.
tive inprmiucing lift and pitching moment than the constant-chord
elevens on the triangul~ wing. They were also less effective in pre
ducing lift than the constant-percen%chord elevens on the triangular
wing but were more effective in producing pitching moment.

The lift and pitching+oment effectiveness pemmeters were little
affected by sm increase of Reynolds number from 3.0 million to 15.0
millionat aMaohnunber of 0.24 (figs. 34 through 39).

Eleven and tab parameters.-The effects of ccmrpressibilityon the
eleven and tab hinge+mment parameters are presented in figures 43 and 44.
The absolute ma~tude of %& increased gradually with increasing

Mach nwnber up to a Mach nwiber of 0.80, where a further increase of
Mach nwiber to 0.95 resulted in a very rapid increase of %5. “

The eleven hinge moment due to angle of attack ~ changed &rm
a
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negative to positive as the Mach number was increased above 0.83. In n

the Mach nuuiberrmge from 0.60 to Ox, %oth the eleven hinge moment
due to angle of attack and that due to eleven deflectim were generally ~
smaller than the hinge moment for the elevens on the triangular wing
which were reported in reference 1 (fig. 43).

An increase of tab deflection resulted in a more negative value
of C&ae above a Mach number of 0.40 and a more negative value of C&

above a-Mach nudber of 0.65.

The tab effectiveness,asmeasured by C& , and
&

parameter? Cht , increased with an increase in Mach
N

The effects of Reynolds nunibercm the eleven and

the 13inge-aoment

number (fig. 44).

tab hinge mmnents
at a Mach nuriiberof 0.24 are shown in figures 34 through 39. ‘Analysis
of the data shows that the absolute magnitudes of both C&ae

and mat decreased with an increase of Reynolds number from 3.0 mil-

lion to 15.0 million, while Cba ad &t& remained essentially
unchanged.

A comparison of the variation of the eleven and tab hinge+noment
parameters, C& and Cht8t, with Mach nunibershawed that the hinge

~e
moment per unit deflection and the effect of compressibility on the
hinge moment were smaller for the tab than for the eleven. The implica-
tion here is that either a smaller+had control or a partial-span con-
trol will have hinge-moment characteristicswhich are less affected by
compressibility thaa those of the full-span, 2>percent-chord elevma. .

The effects of compressibility and tab deflection cm the eleven
load parameters are presented in figure 45.

M

In order to assess

Application of ~ta

the merits of this particular wing plan form

—

ad control for use in a practical application, the data have been
applied to the predictim of the static longitudinal stability and con-
trol characteristics of a &pothetical airplane geometrically similar
to the model. The wing area was assumed to be 4’50square feet and the
center of gravity was assumed to be at the 2~ercent point of the wing
mean aerodynamic chord. With this center+f-gravity locaticm the air-
plane had a minimum eleven-fixed static margin (at CL = O) of 5 percent
of the mean aer&@namic chord.

.
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In the application of the data, two types of longitudinal control
have been considered. For the first of these, the eleven is directly
connected to the control stick; for the second, the tab is directly
connected to the control stick and movement of the stick changes the
eleven deflection by changing the angle for zero hinge moment (eleven
floating angle).

in the b-cd cQ@jj&2Q.- The
variations with balanced lift coefficient (Cm = O) of the drag coeffi-
cient, the lift4rag ratio, the angle of attack and the eleven and tab
deflection are shown in figure 46. The efficiency of the airplane as
represented by the lift-drag ratio is about the same for both the plain-
elevon and the servot~ control at the Mach nunibersabove 0.80. However,
at the lower Mach numbers the airplane with the plain elevens was the
more efficient for lift coefficients less than abaut 0.50. The decre-
ment in maximum lift-drag ratio due to balancing the assumed airplane
varied from about 25 percent at law syeeds to about 10 percent at the
intermediate Mach numbers, becoming about 23 percent as the Mach nuriber
was further increased to 0.92.

An a~arent loss in eleven pitching+oment effectiveness for both
control systems was shown by the nonlinear manner in which the eleven
deflection varied with balanced lift coefficient. This apparent loss
appeared at sLl Mach numbers and increased with en increase in Mach
number. There were two factors which contributed to the loss in effec–
tiveness. The first of these factors was an actual loss in eleven
effectiveness at the larger eleven deflections,while the second was a
rearward shift in the aerodynamic center of the wing+cdy ccmibination
with an increase in lift. A study of figures 4 through 11 shows that
the position of the aerodynamic center (at CL = O) did not vary greatly
with an increase in Mach nuniberup to about 0.90; with further increase
in Mach number it moved rapidly rearward. However, as the lift coeffi-
cient was increased there was a point at which there was a rapid increase
in stability, and this rapid increase occurred at progressively lower
lift coefficients as the eleven deflection was increased negatively to
balemce the airplane. If this point of rapid increase in stability is
arbitrarily defined as the point at which the slope of the pitchlng-
moment curve exceeded 4.15, then the following observations may be
made: At a Mach number of 0.24 there was a rapid increase in stability
at an angle of attack of about 21° while at a Mach nuniberof 0.90 this
increase occurred at an amgle of attack of about 10o. The angle of
attack at which the stability increased was relatively unaffected by
eleven deflection.

For the servotab control, the variation of the tab deflection with
balance lift coefficient was of such a nature as to preclude use of a
simpk linked tab. Due to the high negative value of C~ (for a>OO)
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at the higher lift coefficients, it was actually necessary in some
instances to use a negative tab angle to produce the negative eleven
floating angle necessary to balance the airplane. At the higher Mach
numbers, large positiw tab angles were required primarily because of
the large negative value of %ae (for cx>OO).

Characteristics of the airplane in gliding flight.-As shown in
figure 47, both longitudinal cmxbrol systems were capable of balancing
the assumed airplane in power-off gliding flight. Use of the plain-
elevon control resulted in a lower sinking speed at glidingspeeds
greater than about 155 miles per hour, while at lower gliding sleeiis,
the servotab cmrtrol resulted in smaller sinking speeds. As would be
expected, the use of the servotab control with the same ccmtrol gearing

(eleven (or tab) deflection, de
linear stick travel, in. ‘)

resulted in a smaller stick force

for the same range of gliding speeds.

ba~-

~=-Inl-lfUW at ~~t~tude
of 30,CO0 feet, a total change of elevm deflection of less than 2° was
sufficient to balance the airplane at Mach nuuibersfra 0.60 to 0.95
for wing loadings up to 60 pounds per square foot (fig. 48). me vari-
ation of eleven angle with speed was such as to indicate stick-fixed
stability up to a Mach number of 0.90, but, as the Mach number was fur-
ther increased, mqre negative eleven angles were required to balance
the airplane. This increase in negative eleven angle with increase in
speed above a Mach nuniberof O.~ was due primarily to the rapid rear—
ward movement of the aerodynamic center. With the servotab control,
the variation of tab angle with speed was suchas to indicate stick-
fixed instability, more positive tab angles being required to balance
the airplane as the speed increased.

The variation of stick force with speed was such as to indicate
stick-free instability for either control system. With awing loading
of 40 pounds per square foot, a pull of 2000 pounds was required to bal-
ance the airplane at a Mach number of 0.95 when it was initially trimmed
at a Mach number of a%out 0.55. Comparable figures for the servotab
control, as calculated from the data of figure 48, are a pull of about
120 pounds when initially trimmed at a Machnuuiber of 0.!5.5.

There are also presented in figure 48 the stick forces required
for level flight at 30,000 feet with a wing loading of 60 pounds per
square foot for the two assumed triangular-wing airplanes of reference 1.
The center of gravity of each of these airplanes was assumed to be at
the 3>percent point of the wing mean aerodynamic chord giving a minimum
eleven-fixed static margin of ‘jpercent (at CL = O). The variation of

.

.

.
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~ stick force with speed for the airplane with the constsm.~rcentihmd
elemms on the triangular wing was such as to indicate stick-free
instability when trimmed at a Mach nuriberof 0.85. Althou@ the air-
plane with the constant-chord elevens was not trimned in the range of
Mach nunibersfrom O.& to 0.90s the ~iation of stick force ~t~ speed
waa such as to indicate stick-free instability only at Mach nnibers
above 0.80.

The calculated characteristics of the assumed pointed+ing airplane
in constant+peed, level turns producing normal accelerations up to 4g
are presented in figure 49. With the eleven control, the stick-fixed
and stick–free maneuver points are behind the center of gravity at Mach
numbers above abaut 0.85, as evidenced by the more negative eleven
defl~ctions @ the increasing pull forces required to increase the
normal acceleraticm. At Mach nwibers below 0.85 the stick–fixed maneu-
ver point is still behind the center of gravity but the stick–free
maneuver point is ahead of the center of gravity, as evidenced by the
increased push force required to increase the load factor. With the
servotab control, the stick-fixed maneu~r point is behind the center
of gravity at Mach nuuibersabove about 0.85, instability being itiicated
at the lower Mach numbers.

Comparison of the two control systems at a Mach nunber of 0.95
indicates that large reductions in stick force canbe providedby the
servotab. At this Mach ntier and a normal acceleration of 2g, the
calculated pull force is 39oO puunds for the eleven and 24o pounds for
the servotab, the trim Mach n@er in each case being about 0.70. The
variation of stick force with speed was such as to indicate stick-free
instability for both systems at all load factors.

CONCIZJSIONS

An investigation has been msiieof the static longitudinal stability
of a wing+ody cmhination having a pointed wing with an aspect ratio
of 2. The effectiveness of trailing~dge elevens as a longitudinal–
control device was also investigated, as was the effectiveness of inset
tabs in reducing the eleven hinge moment. The following conclusions
are based on an analysis of the data:

1. Except for a more forward location of the aer@nsmic center,
the aerodynamic characteristics of the wing with eleva unreflected
are similar to those of a triangular wing having an aspect ratio of 2.

2. The eleven lift and pitching+mment effectiveness parameters
increased with both = increase of Mach nuniberand an increase of tab
deflection.
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3. The eleven
rapidly as the Mach
moment due to em.gle

dud
NACARM A53C20

hinge moment due to eleven deflection increased
number was increased above 0.80.

.
The eleven hinge

of attack changed from negative to
Mach nuniberincr~ased above about 6.83. -

4., The effectiwness of the tabs in reducing the
moment increased with an increase of Mach nuuiber.

Analysis of results of application of the data to

positive as the
.

eleven hinge

an assumed air-
plaae with either a plain-eleven control or an eleven with servotab
control resulted in the following conclusions:

1. Both the plain elevens and the elevens with servotabs were
capable of balancing the airplane to about the same lift coefficients
for all Mach nunibersup to 0.95.

2. At em altitude of 30,000 feet with an assumed wing loading
of 40 pounds per square foot, both control systems were capable of bal–
ancing the airplane in level flight and in maneuvers with a normal
acceleration factor of 3.0. The stick force required for the elevens
with servdabs was much less than that required for the plain elevens.

3. With the center of gravity at a longitudinal locatim
will provide a minimum eleven-fixed static margin of 5 percent
flight at an altitude of 30,CK10feet with awing loading of ko
per square foot,the following static instabilities are noted:

Ames

(a) Unstable variatibn of eleven angle with speed at Mach

Which
W for
pounds

nunbersfrm O.90 to 0.95

(b) Unstable variation of’stick force with speed in level
flight at Mach nunibersfrom o.60 to 0.95

(c] Unstable variation of stick force with normal accelera-
tiau at Mach numbers below 0.85

(d) Unstable variaticm of servotab angle with speed at Mach
nunibersftom 0.60 to 0.9’5

(e) Unstable variation of servotab angle with normal accel-
eration at Mach numbers below 0.75

Aeronautical Laboratory
National Advismy Committee for Aeronautics

Moffett Field, Calif.
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Figure II.- Continued.
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